Black-eyed pea starch was hydrolyzed using concentrated HCl (36% by weight) at different levels (10-60 mL) in the presence of methanol and the physico-chemical properties of native and acidified methanol modified black-eyed pea starches were compared. Results revealed high recovery (>93%) of acid-alcohol treated black-eyed pea starch upon modification. A drop in swelling power and increase in solubility was also observed during acidified methanol treatment. Acid hydrolysis increased paste clarity and the freeze-thaw stability; however, the trend was found to vary at a specific modification level. Acid thinning of starch revealed significant decrease in gel consistency, sediment volume, water, and oil binding capacity. Disruption of interactions between amylose chains resulted in increased amylose leaching on modification. The X-ray diffraction pattern of black-eyed pea starch was of C-type obtained and with increase in acid concentration the intensity of peak was found to be increased. Increased acid concentration showed significant increase in crystallinity; however, marked loss of crystallinity was observed at an acid level of 40 mL which further increased on acid concentrations of 50 and 60 mL. Also, acid concentration showed significantly improved post-reaction color difference (ΔE) of the modified starches.
INTRODUCTION
In recent years, the demand of modified starch has increased due to their wide usage in food and non-food applications. [1] Extensive research has already been conducted on cereal, potato, and sweet potato and cassava starches; however, availability of these resources to starch industries is decreasing rapidly due to their increased demand in the production of breakfast cereals and snacks. [2, 3] Legumes in contrast are a great source for the isolation of edible protein with starch as the major by-product. [4] Furthermore, the use of legume starch in food formulation has been assumed to be of great importance and also gained considerable attention of food processors, marketers, and consumers, [5] due to their wide range functionality in products such as breads, cakes, and biscuits. [6, 7] Moreover, current opinion on healthy eating habits may result in an increase in the proportion of legume starches as an alternative to cereals. [8] Therefore, considering the above facts for profitable protein production; legume starch can be utilized for diverse industrial applications which will eventually lessen the over-dependence on the more familiar starch sources. Black-eyed pea (Vigna unguiculata) member of family Leguminosae, native to Asia and Africa, has a number of commonly used names, e.g., southern pea, cow pea, and crowder pea, [9] is a relatively inexpensive legume with high protein (19-40%) and carbohydrate (50-65%) contents. Also, black-eyed pea is drought-tolerant, shade tolerant, and a warm-weather crop that grows well in poor soils and adds nitrogen to it. Therefore, for protein production to be economical and as an alternative source for starch production, black-eyed pea has a potential to be utilized as an alternative starch source for diverse industrial applications. Native starches have many limitations such as low shear resistance, thermal resistance, a high tendency toward retro-gradation, thermal decomposition and high syneresis, less stability toward extreme processing conditions such as pH, temperature, etc., that reduce their use at the industrial level. [10] High amylose content of legume starches also has a tendency to confer different functional properties in various food applications as compared to popular starch sources. [11] However, the diversity of the modern food industry and the enormous variety food products require starch to be modified in such a way that it is able to tolerate a wide range of processing techniques as well as various distribution, storage, and final preparation conditions. [12] With the advances made so far, it is possible to restructure native starch by means of modifying agents that involves the alteration of its physico-chemical properties by affecting the hydrogen bond in a controllable manner. Use of acid-alcohol treatment for producing thin-boiling starches is gaining popularity owing to higher recovery of modified starch and use of less acid as compared to acid alone. [13] Limited attempts have been made so far to access the functional properties of acidified methanol modified black-eyed pea starches. Therefore, the present investigation was carried out to study the effect of acid-alcohol modification on the functional properties of black-eyed pea starch in order to provide an innovative specialty starch to meet various specific and targeted use in the food industry.
MATERIALS AND METHODS

Materials
The black-eyed pea sample was procured from a local market of Amritsar. Sodium hydrogen sulphite, hydrochloric acid, methanol, ethanol, potassium iodide, iodine, and potassium hydroxide were procured from Thermo Scientific India Ltd., Mumbai. Amylose (859656, amylose from potatoes) was procured from Sigma Aldrich St. Louis, MO, USA. De-ionized water and acid washed glassware were used throughout the experiments.
Starch Isolation
Starch was isolated from black-eyed pea seeds by following the method of Singh et al. [14] Seeds (300 g) were steeped in deionized water containing 0.16% sodium hydrogen sulphite for 12 h at 50°C in an oven (Universal hot air oven Narang Scientific Instruments, Ambala). The steep water was decanted and softened legumes were ground in an auto-mix blender (50C/S, Remi Anupam Mixie Ltd., Bombay) for 3 min in de-ionized water at slow speed. The ground slurry was sieved through nylon cloth (100 mesh). The material left over the nylon cloth was washed thoroughly with de-ionized water. The filtrate was allowed to stand for 1 h. The supernatant was discarded and the settled starch layer was re-suspended in de-ionized water and centrifuged at 3200 × g for 10 min. The upper non-white layer was scraped off. The white layer was re-suspended in distilled water and re-centrifuged at 3200 × g for 10 min and the step was repeated three times. Starch was then collected and dried in an oven at 40°C for 12 h.
Acid-Alcohol Modification
Isolated starch was modified following the method of Lin et al. [13] with slight modifications. Starch (25 g) was suspended in 100 mL methanol in a 250 mL glass stopper flask. The suspension was stirred using a magnetic stirrer (Spinot MC 02, Tarsons Products Pvt. Ltd.; Kolkata, India) for 30 min and maintained at 25°C. Reaction was started by adding 10-60 mL of concentrated hydrochloric acid (36% by weight). The reaction was stopped after 1 h by adding 14 mL of 1 M sodium bicarbonate and then cooled in an ice bath. The starch was centrifuged at 3500 × g (Kubota Corporation, Gyeonggi, South Korea) for 5 min and washed four times with 50% ethanol. The white precipitates were dried in an oven at 40°C for 12 h and ground to a fine powder using a mortar and pestle.
Amylose Content
Amylose content of the isolated starch was determined as described by Williams et al. [15] Iodine stock solution and iodine reagent were prepared. For the stock solution, 20 g potassium iodide was weighed into 100 mL beaker, together with 2 g resublimed iodine. The reagents were dissolved in de-ionized water and carefully diluted to 100 mL into volumetric flask. For iodine reagent stock solution (10 mL) was pipetted into a 100 mL volumetric flask and diluted to 100 mL using distilled water. Starch sample (20 mg) was weighed into a 100 mL beaker. Exactly 10 mL of 0.5N KOH solution was added and stirred with a glass rod until fully dispersed. The dispersed samples were transferred into a 100 mL volumetric flask and diluted to mark with de-ionized water. An aliquot of test starch solution (10 mL) was pipetted into 50 mL volumetric flask and 5 mL of 0.1 N HCl was added, followed by 0.5 mL of iodine reagent. The volume was diluted to 50 mL and absorbance was measured at 625 nm after 5 min. The amylose content was determined using a standard curve.
Amylose Leaching
Starch suspensions prepared by dissolving 20 mg of starch samples in excess water were heated in sealed tubes at 60°C for 30 min. The tubes were then cooled at ambient temperature (25-27°C) followed by centrifugation at 2000 × g for 10 min. One milliliter of supernatant was withdrawn and its amylose content was determined as described by Hoover and Ratnayake. [16] % Amylose leaching ¼ mg of amylose leached per 100g of drystarch
Swelling Power and Solubility Index
Swelling power and solubility were determined using the method of Leach et al. [17] Starch slurry (2%) was prepared by heating at 90°C for 30 min with constant stirring and then cooled at room temperature (i.e., 30°C). Samples were poured in each pre-weighed culture tube and centrifuged at 3200 × g for 30 min. Supernatant and sediments were separated. Sediment was weighed for calculation of swelling power and supernatant was poured in pre-weighed Petri plates to evaporate the moisture at 110°C for 24 h. After this, the Petri plates were subjected to weighing for calculation of solubility (%). 
Swelling
Gel Consistency
Gel consistency of both the starch samples was determined by the following method as described by Balasubaramanian et al. [18] Starch samples (0.1 g, dry basis) were wetted in a test tube (16 × 150 mm) with 0.2 mL of 95% ethanol containing 0.025% bromothymol blue and dispersed in 2 mL of 0.2 N KOH. The tubes were heated in boiling water bath for 8 min. Then it was cooled at room temperature for 5 min followed by cooling in an ice water bath for 20 min and laid down horizontally for 1 h at room temperature. The longer the gel traveled within the tube, the lower its consistency.
Sediment Volume
Sediment volume was determined using the method of Tessler et al. [19] Slurry was prepared by dissolving 1 g of starch in 95 mL of distilled water. The pH was adjusted to 7.0 using 5% NaOH or 5% HCl followed by cooking the slurry in a boiling water bath for 15 min. Distilled water was then added to make up the total weight to 100 g. The slurry was transferred to a 100 mL-graduated cylinder and was kept covered at room temperature for 24 h. The volume of the sediment, consisting of starch granules was then measured.
Water Binding and Oil Binding
Water and oil binding capacities of native and acidified methanol modified starches were determined according to the method described by Adeleke and Odedeji. [20] Water and oil absorption was determined by mixing 1 g of starch with 15 mL deionized water and soya bean oil, respectively, in a pre-weighed centrifuge tubes. After holding for 30 min, the tubes were centrifuged for 10 min at 3000 × g. The supernatant was discarded and tubes were then weighed again. Water absorption capacity and oil absorption capacity were expressed as grams of water and grams of oil retained per gram of starch, respectively.
Freeze-Thaw Stability
The freeze-thaw stability of native and acidified methanol modified starches was evaluated by following the method described by Hoover and Ratnayake. [16] Native and acidified methanol modified starch gels (6% db) were subjected to cold storage at 4°C for 16 h (to increase nucleation) and then frozen at -16°C. To measure freeze-thaw stability, the gels frozen at -16°C for 24 h, were thawed at 25°C for 6 h and then refrozen at -16°C. Five cycles of freeze-thaw were performed. The excluded water was determined by centrifuging the tubes at 1000 × g for 20 min after thawing.
Light Transmittance
Light transmittance of starch suspensions was measured by a modified method of Perera and Hoover [21] for measuring turbidity. An aqueous starch suspension (2%) was heated in a boiling water bath for 1 h with constant stirring. The suspension was cooled for 1 h at 30°C and then stored at 4°C. Light transmittance was determined at 640 nm against a distilled water blank for 6 days at an interval of 24 h using an ultraviolet (UV) spectrophotometer (Shimadzu UV-VIS 2600).
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Color
Hunter lab color flex colorimeter (Hunter Associates Laboratory Inc., rest on USA) was used to measure the degree of change in color of both the starches (native and acidified methanol modified). The color coordinates of this meter were L* = whiteness; a* = redness to greenness; and b* = yellowness to blueness. The instrument was standardized with standard reference tile, coordinates for the tile were L* = 50.83 to 93.00; a* = 0.92 to -26.27; and b* = 1.70 to 12.12.
X-Ray Diffraction (XRD) Measurements
Starch granules were exposed to 100% relative humidity for 3 days and wide angle X-ray diffractograms were recorded by an analytical diffractometer (Pan Analytical, 117 Phillips, Holland) using Cu-Kα radiation, selected by means of quartz monochromator with a wavelength of 0.154 nm operating at 40 kV, 118 and 85 mA. XRD diffractograms were acquired at 25°C scattering between 2Ө range of 4 to 30°with a step size of 0.02°and sampling interval of 10 s following the method of Ikawa et al. [22] at goniometer scanning speed of 4°2Ө/min.
Statistical Analysis
Means and standard error mean (SEM) were calculated using Microsoft Excel, 2007 (Microsoft Corp., Redmond, WA). Significant difference between starch samples was verified by one-way analysis of variance and comparison between means was made by critical difference value as described by Snedecor and Cochran. [23] RESULTS AND DISCUSSION
Recovery Yield (%)
A detailed study on acid alcohol modification of black-eyed pea starch was carried out to elaborate the functional properties of starch. The study was planned with a view to optimize the concentration of the reactants to obtain the desired properties of the starch. Recovery yield of acidified methanol (0.36% HCl) starch were quite high, ranged between 93.18 to 95.48%. Higher yields were attributed to limited solubilization of black-eyed pea starch during acid-methanol hydrolysis.
Amylose Content and Amylose Leaching
Amylose content of both the starches is depicted in Fig. 1a . Acid alcohol modification significantly resulted in breakdown of amylopectin chains by acid that adds up to amylose [24] as compared to native starch. Dutta et al. [25] observed similar trends on acid alcohol modification for various durations of jackfruit starch. Another possibility for the amylose values on addition of 40 mL of acid could be that the degraded amylose fractions re-crystallized themselves in a form that was more resistant to the acid attack. However, further increase in acid concentration (50-60 mL) led to degradation of the released amylose chains hence again resulted in decreased amylose content. The acidified methanol modified starch samples showed higher amylose leaching compared to native starch (Fig. 1b) . Pulse starches exhibited no measurable amylose leaching at temperatures below 60°C which might be due to their high amylose content packed closely in the amorphous region. [26] However, with increasing concentration of acid, the strong interactions (via hydrogen bonding) between amylose-amylose and amylose-amylopectin chains (within the granule interior) would be disrupted resulting in pronounced increase in amylose leaching.
EFFECT OF ACIDIFIED METHANOL ON CHARACTERISTICS OF BLACK-EYED PEA STARCH
Swelling Power and Solubility
Swelling power and solubility are significant functional properties and important pre-requisite for other functional properties of the starch. Acidified methanol modification led to significant decrease in swelling power and increase in solubility as depicted in (Fig. 2 ). This decrease in swelling power was attributed by loosening of granular structure and presence of large number of crystallites (formed by association between long amylopectin chains). Crystallite formation would increase the granular stability, thereby reducing the extent of granular swelling. [16] The increase in solubility values may be accredited to the weakening of hydrogen bonds or due to degradation of amylopectin upon modification which resulted in increased number of exposed hydroxyl groups which are responsible for greater water absorption, eventually the starch granules swell and disrupt resulting in increased solubility. [27] [28] [29] As the solubility of modified starch was 
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BHANDARI, SODHI, AND CHAWLA significantly higher (p < 0.05), therefore, it could be used in enhancement of potential functional property in sausage and meat emulsions, providing a unique texture to these foods. [30] Solubility of modified starch at an acid concentration of 60 mL was found to be higher than 90% making the starch "cold soluble." Moreover, the starch granules were nearly fully dissolved making it a potential component in sausage and meat emulsions, as these properties are very important for texture in these foods.
Gel Consistency and Sediment Volume
Results of gel consistency of native and modified starch are presented in Fig. 3a . It can be inferred from the results that gel consistency of acidified methanol modified starch decreased with increased acid concentration. Modified starch traveled a longer distance as compared to native starch up to an acid treatment of 30 mL which signifies lower gel consistency, i.e., gel formation weakens with increase in hydrolysis. Acid modification at a level of 40 mL showed an increase in gel consistency value. It was reported that the acid catalyzed hydrolysis of starch as opposed to enzymatic (α-amylase) hydrolysis can take place at branch points, thus reducing the degree of branching and increasing the percentage of linear segments and gel consistency. [18, 31] Acidified methanol modified starch showed a significantly (p < 0.05) lower sediment volume in comparison with native starch (Fig. 3b ). This decrease in sediment volume might be due to decreased interaction between the starch molecules on acid hydrolysis, thus inhibited swelling and hence, resulted in reduced sedimentation. [1] A similar trend was reported by Balasubramanian et al. [18] for acid modified pearl millet and finger millet starches.
Water-Binding and Oil-Binding Capacities
Water binding capacity, an important functional trait for many food products, refers to the amount of water held by starch in a food matrix. The results for water-binding capacity (WBC) of native and acidified methanol modified starch are shown in Fig. 4a . The acid thinning reduced both the water and oil binding capacity of starch following an analogous trend with the increasing acid concentration. The results are in agreement with the findings of [32] in sweet potato starch. This decrease might be due to increase in crystalline region and decrease in amorphous region in starch 
EFFECT OF ACIDIFIED METHANOL ON CHARACTERISTICS OF BLACK-EYED PEA STARCH
granules as a result of acid attack that reduced the number of available binding sites, thus lowering the water and oil binding capacity. [33, 34] However, at an acid concentration of 50 mL, an increase in the water and oil binding capacity was observed due to the degradation of crystalline region into amorphous region which released the hydroxyl groups from hydrogen and covalent bonding for water and oil binding. [1, 35] Degradation by acid also resulted in loose association of amylose and amylopectin as a consequence of which water and oil binding capacity improved. [36] By controlling the water binding capacity of starch-based materials, snacks can have a high degree of mouth melt, less waxiness, improved texture, and increased crispiness.
Freeze-Thaw Stability
Retention of stability of the gelatinized starch after repeated cycles of freezing and thawing is a desired property for the use of starch by the industries involved in the manufacture of frozen foods. [37] Rapid syneresis was observed in the first two freeze-thaw cycles followed by reduction in the next three cycles 
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( Fig. 4b) for all modified samples. Similar findings for waxy maize, amaranth, wheat, corn, rice, potato starches have been reported. [37] [38] [39] Acid-alcohol modification resulted in increased syneresis and decreased freeze-thaw stability until an acid treatment of 40 mL was reached. This increase in syneresis might be due to the stronger physical damage to the bonding patterns of starch gel resulting in lowering of the water holding capacities by the granules during continuous freezing and thawing. [3] Increasing the concentration of acid beyond 40 mL decreased the syneresis which might have occurred due to the reassociation of linear chains of amylose. Lowest rate of syneresis after five freeze-thaw cycle of acid alcohol treated starch (60 mL) makes it suitable for use in frozen products that are thawed before consumption.
Light Transmittance
Starch gel clarity directly influences brightness and opacity in foods that contain it as a thickener.
Light transmittance provides information on the clarity of starch paste that in turn depends on the proportion of swollen and non-swollen granule remnants in the starch matrix. Acid thinning caused a significant increase in starch paste clarity (% transmittance; Table 1 ) which may be due to the little light refraction from its swollen granule remnants. [40] However, the percentage transmittance of the native, as well as the modified starch pastes, decreased with the time of storage at 4°C. The leaching of amorphous regions during acid thinning enhances the bond formation between the amylopectin molecules, [33] and thus it can decrease its light transmittance upon storage at 4°C. This decrease might be a result of improved bond formation between the leached amylose and amylopectin molecules providing stability to the starch structure after EFFECT OF ACIDIFIED METHANOL ON CHARACTERISTICS OF BLACK-EYED PEA STARCH modification and causing decreased tendency toward retrogradation. [33] Starch gel clarity was observed highest at 40 mL modification level, thus has great potential to be incorporated into foods requiring transparency, e.g., juices, jellies, fruit pastes, mayonnaises, and sausages.
Color
Color is an important criterion while modification of different types of starch. The color of native and acidified methanol modified starches was determined by Hunter lab coordinates. It is evident from Table 2 that acid alcohol modification significantly affected (p < 0.05) the color parameters (i.e., L*-, a*-, and b*-values) of starch in comparison with native starch. However, acid modification resulted in non-significant differences in L*-value with increased acid concentration. The L*-value for all samples was more than 94 which may be interpreted as more or less perfect white. Yellowness, indicated by positive value of b*-hue, decreased on modification and redness, i.e., a*-chroma (green/red) increased on modification. This increase in whiteness and decrease in yellowness may be due to the washing out of residual starch pigments upon acid treatment, [41] as well as the washing steps followed to neutralize the acid. Data are presented as means ± SEM (n = 3). ab Means within column with different lowercase superscript are significantly different (p < 0.05) from each other. ΔE showed that there was a significant difference (p < 0.05) in the color of native and acidified methanol modified starches. The above trend might be due to the lipid-amylopectin complexation on modification that was difficult to remove after exhaustive washes and centrifugation during the starch isolation process. [42] X-Ray Diffraction Plant starches are generally classified into A-, B-, and C-types as per the X-ray diffraction pattern revealed by their respective amylopectin crystalline lattices. All starches showed a "C" type X-ray pattern (Fig. 5 ) which is a mixture of A-type and B-type (Donald, 2004) [43] with a single peak at 15.2 and 23.2°2 Ө, and dual peaks at 17-18.1°2Ө.peaks at I5°, 17°, and 23.4° (20) typical for cereal starches. The treatments varied the peak intensities but the pattern remained practically unchanged which shows that the structure of black-eyed pea starch is relatively unaltered under the modification conditions. Double peaks represented two transitions, the melting of B polymorphs followed by A polymorphs. [42] Quantitatively, sharpness in XRD peaks is directly proportional to the crystalline nature and mean crystallite size of that material and larger crystallite materials. With increasing acid concentration, crystalline structure increased but there was marked loss of crystallinity at an acid level of 40 mL which further increased on acid concentrations of 50 and 60 mL, which is well in agreement with amylose content as it occupies the crystalline parts of starch. Kainuma and French [44] suggested that cleavage of starch chains in the amorphous regions allows extensive reordering of the chain segments to give a more crystalline structure with a sharper X-ray pattern. The final value is in agreement with amylose content of starch of legumes seed powder and amylose occupies the crystalline parts of starch. [45] 
CONCLUSION
The physico-chemical properties of native and acidified methanol modified black-eyed pea starch have been studied. The black-eyed pea starch was hydrolyzed using HCl (36% by weight) at various concentrations (10-60 mL). Acid alcohol treated starch resulted in more than 93% recovery of starch. Functional properties of acidified methanol modified starch were significantly different from native starch. Decreased swelling power and increase in solubility were also observed upon acid alcohol treatment. Modification of black eye pea starch led to significant increase in paste clarity, water binding capacity, and oil binding capacity was observed. Crystals in black-eyed pea starch, determined by X-ray diffraction were of C-type, which is the characteristic pattern of legume starches. Acid concentration showed effect on post-reaction color difference (ΔE). The information thus generated can be used in producing acidified methanol modified black-eyed pea starch after critically selecting the concentration of acid for hydrolysis to overcome the shortcomings of native starch. In addition, as black-eyed pea is a low glycemic index food, therefore, it may have potential application in producing hydrolyzed starches for diabetic patients.
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